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Abstract. The Airborne Raman Ozone, Temperature and Aerosol Lidar (AROTEL) 
participated in the recent Sage III Ozone Loss and Validation Experiment (SOLVE) by 
providing profiles of aerosols, polar stratospheric clouds (PSCs), ozone and 
temperature with high vertical and horizontal resolution. Temperatures were derived 
from just above the aircraft to ~60 kilometers geometric altitude with a reported vertical 
resolution of between 0.5 and 1 .5 km. The horizontal footprint varied from 4 to 70 km. 
This paper explores the measurement uncertainties associated with the temperature 
retrievals and makes comparisons with independent, coincident, measurements of 
temperature. Measurement uncertainties range from 0.1 K to ~4K depending on altitude 
and integration time. Comparisons between AROTEL and balloon sonde temperatures 
retrieved under clear sky conditions using both Rayleigh and Raman scatt ® r ®^^f a 
showed AROTEL ~1 K colder than sonde values. Comparisons between AROTEL an 
the Meteorological Measurement System (MMS) on NASA’s ER-2 show AROTEL being 
from 2-3 K colder for altitudes ranging from 14 to 18 km. Temperature comparisons 
between AROTEL and the United Kingdom Meteorological Office s model showed 
differences of approximately 1 K below ~25 km and a very strong cold bias of ~12 K at 

altitudes between 30 and 35 km. 
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Introduction 

NASA Goddard Space Flight Center’s Airborne Raman, Ozone, Temperature and Aerosol Lidar 
(AROTEL) participated in the SAGE III Ozone Loss and Validation Experiment (SOLVE) campaign during 
the winter of 1999/2000. This campaign, conducted jointly with the Third European Stratospheric Experiment 
on Ozone (THESEO), was based in Kiruna, Sweden and combined measurements from ground, balloon 
aircraft and space-based platforms to study the processes governing ozone loss within the polar 
stratosphere. A second goal of the SOLVE campaign was to have been the validation of data products from 
the SAGE III instrument had it been launched. A key measurement for both satellite validation and ozone 
loss was temperature. Temperature plays a critical role in determining both the extent and duration of polar 
stratospheric clouds (PSCs) on whose surfaces inactive reservoir species are converted to reactive species 
that destroy ozone. Lidar temperature retrievals from an aircraft platform provide a unique data set that is 
acquired simultaneously with other onboard measurements. Retrievals can be made at times and locations 
inaccessible to a satellite instrument thereby affording a more comprehensive picture of atmospheric 
phenomena. AROTEL temperature retrievals offered significantly better vertical and horizontal resolution 
than was possible with a satellite instrument; the horizontal footprint can be varied between 4 and 70 
kilometers while the reported vertical resolution extends from 500 to 1500 meters depending on altitude and 
integration time. In this paper we will present comparisons between AROTEL temperatures and those 
derived from coincident balloon sondes measurements. Comparisons between AROTEL temperatures and 
those retrieved by the Meteorological Measurement System (MMS) on the ER-2 will be made folates on 
which the DC-8 and ER-2 flew coincident tracks. A study of temperature differences between AROTEL and 
those derived from the United Kingdom Meteorological Office (UKMO), National Centers for Environmental 
Prediction (NCEP) and NASA Goddard Space Flight Center's Data Assimilation Office (DAO) models will 

be made. 

Instrument and Technique 


AROTEL is a Rayleigh/Raman lidar that utilizes a hardware configuration previously validated on 
other Goddard Space Flight Center lidars. Temperature data was acquired using a laser operating at a 
wavelenqth of 355 nm. This wavelength permitted the use of strong Rayleigh and Raman UV 
backscattering while avoiding signal attenuation from the temperature dependent Huggins ozone band. 
Photon counting was utilized for data acquisition because of its large dynamic range and sensitivity to low 
signal levels. Photomultiplier tubes (PMTs), pulse height discriminators and multi-channel scalar cards 
constituted the detection system and were employed for all channels. Wavelength discrimination was 
provided by bandpass filters with ~1 nm bandpass and high transmission. Filters enabled the design of a 
compact detector with high detection efficiency but restricted temperature retrievals to solar zenith angles 
(SZAs) > 95 degrees. A complete discussion of the AROTEL instrument is provided in McGee ef a/.[this 
issue]. AROTEL’s operational characteristics relevant to the temperature measurement are provided in 

Tab , e ^ 

AROTEL temperatures were retrieved using an algorithm proven in numerous previous field 
campaigns a discussion of issues relating to the temperature retrieval is covered in Gross etal.[ ]■ 
Temperatures were derived from data created by both elastic (Rayleigh) molecular scattering and inelastic 
(Raman) scattering by molecular nitrogen. These data are directly proportional to atmospheric number 
density Temperatures are calculated using relative, not absolute, number densities thus making the 
retrieval insensitive to many instrumental parameters such as telescope size, photomultiplier tube quantum 
efficiency and detector transmission efficiency. Elastic scattering, with returns -2000 times more intense 
than those from inelastic backscattering, provided numerous advantages such as more distant ranging, 
enhanced vertical resolution, better signal to noise and more rapid data acquisition^ The sens'ttvtty of elas 
molecular scattering to interference by Mie scattering from aerosols, thin cirrus and PSCs however, limited 
its use to altitudes above 20-25 km (unless otherwise noted all altitudes are geometric). Because of the 
wavelength shift associated with inelastic scattering (-2331cm 'for NJ, it is, to first attar, 

Mie scattering from clouds and aerosols. Reported inelastic temperature retrievals extend from the aircraft 
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These data ^*re acqutredsh^ aerosoKU^ retrievals. 


Wavelength(nm) 
Energy/pulse 
Repetition rate 
Receiver diameter 
Effective area (cm 2 ) 
Altitude range (km) 
Data bin size(meters) 


355 387 

200 millijoules 
50 Hz 
40 cm 
-1240 
12-60 
150 


12-25 

150 


Horizontal resolution 4.0 - 70 km 
Vertical resolution 0.5 - 1 .5 km 

Precision <1-4 K <1-5 K 



Measurement Uncertainties 

Tpmnerature uncertainties in the absence of optically thick clouds and aerosols are influenced by 

iUfSailHl 

detec^rf band^ss^For temperature retrievals ,he t fu '' degrMS S °As 
^"szTdecS to restricted the maximum altitude of the measurement 

Temperatures were calculated using a routine initialized at the maximum altitude of the retrieval, typ y 
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between 54 and 60 km Initialization was accomplished utilizing either a model (CIRA86) or temperature 
Srcatula^ using data from the Dala Assimilation Office at Goddard Space Flight pen er for the 
aircraft's projected flight track. Errors using DAO temperatures at the 0.5 mbar pressure ieve! are ^5 K 
(Steve Pawson - private communication). At 40 km the impact of the DAO tie-on uncertainty is < 0 7 K and 
at 30 km it falls below 0 1 K Using a model to tie-on at 60 km can introduce larger uncertainties since it is 

based up- the general climato.ogV The C.RA86 model ge^Sy 

from 0 to 120 km in 5 km intervals based on both monthly and zonal averages. CIRA86 and DAO generany 
Sred by less than 10 K at the tie on altitude, this introduced an error in the retrieved temperatures at 35 

Km °' * ^addition to clear air, temperatures can be retrieved above optically thin clouds and aerosols 
however the additional signal attenuation increases reported errors. Temperatures 
derived above optically thick clouds depending on signal levels. Temperature retrievals within °P tlcal 'V th '<* 
PSCs ofaerosol layers are not considered here because of the inability to adequately correct for Me 
scatterinq and signal attenuation. Neither can they be derived below optically thick clouds. Retrievals with n 
clouds are made using inelastic scattering. A detailed discussion of i tem P e ; at j jre P r °^ ™ th,n ° pt ' C Y 

rinuds and aerosol layers will be discussed in an upcoming paper currently in preparation, 
clouds J u 7“'Xncertainl,es as a function of altitude for both the Rayleigh and Raman temperatures 

are given in Figure 1 . 


AROTEL and Balloon Sonde Temperatures 

During SOLVE, the DC-8 made numerous overflights of the Network to Detect Stratospheric Change 
rNDSCI site at Nv Alesund on Spitsbergen island, as part of a correlative measurements effort. Balloo 

m^s w^^aun^Hto coincide with DC-8 overflights of the a ) nd O^T^sonde'sde^usoHw 

temperature profiles from within the same volume sampled by AROTEL. Othe ^sonde sites usea 
validation included two sites on Greenland’s east coast (Danmarkshavn and Scoresbvsund) Iceland 

"SEj rss 

sonde versus ^aroTEL and all balloon sonde temperature data used in the connpanson 

as a functional altitude are given in terms of elastic and i inelasticity fjad 'emperatures in Figures 3 and 

4 Reported uncertainties in sonde temperatures at 100 mbar ( 15 km) - > over altitude 

' \ / Vatin mhar t~30 kml f Schmidlin 19881. Sonde temperatures are reported over altitude 

SS5EErpSr,Sst 

maximum difference). 


AROTEL and MMS Temperature Comparison 

Several opportunities for correlative measurements with the ER-2's MMS became available during 
Qm \/f Miui<n nrovides a number of data products including pressure, horizontal and vertical winds and 
s^temp^r^ture'atth^Bt-g^fl^hTalbtude .Scoff of at. 1990) Temperalures are derived from a resisbve 
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measurement on an open platinum wire calibrated against a NIST standard. Corrections to the static 
temperature were made for thermodynamic heating as a function of the aircraft s MACH number On 
January 20 2000 both the DC-8 and ER-2 followed essentially the same flight track from Kiruna towards 
North Pole and back again. The criteria employed to define coincidence on this flight required the 
measurement^ sites differby no more than 30 km horizontally and be separated by less than 10 minutes in 
time This test provided numerous coincidence pairs between -14.5 km and 18 km geometric^ 

PSCs were observed by the co-located LaRC aerosol lidar during significant portions of the flight, inelastic 
temperatures were utilized because of their relative insensitivity to optically thin PSCs and aerosols. T 
(^^tndicated^hat AROTEL had a cold bias of approximately 2.5 ± 0.9 K compared to reported MMS 
temperatures (Figure 5). AROTEL temperatures were calculated using a 5 minute data set andhad ^ p ° rt ® d 
errors ranqinq from -0.4 to 1 .OK over this altitude range; the effective vertical resolution was -0^5 krrr MMS 
has a reported precision of 0.3K, an accuracy of 0.2% (-0.4K for this altitude) and one second reso u • 
On both P January 27, 2000 and March 5, 2000 additional comparisons were made between MMS ^and 
AROTEL temperatures retrieved employing both elastic and inelastic returns^ e i cri ® ria ° r c ^ 

..--fi hpre was 30 km horizontally and ^5 hours in time. Inelastic data for January 27 had a mean 
difference between AROTEL and MMS of -2.8 ± 0.5 K while the March 5' flight demonstrated a mean 
difference of -1 9 ± 0 2 K. Temperatures calculated using elastic returns also displayed a co d las wi 
resoecUo MMS of -2 0±1 8 K for January 27 th , for March 5 th a bias of -2.6±0.8 K was observed AH 
measuremente demonstrated that both the inelastic and elastically derived AROTEL temperatures were from 
2 to 3 K colder than reported MMS values. 


Ny Alesund and Mauna Loa Temperatures: Lidar and Sondes 

As a result of the observed cold temperature biases in AROTEL temperatures when compared 
aoainst both MMS and the balloon sondes a study was undertaken of temperatures re rieve y 
Itf^OZ UTE Ozone and Temperature lidar during two previous field campaigns. This is a mobile system 
SEtod inside ' a Ste? a 39" telescope, a xenon chloride excimer laser operating at 308 nm and a 

xenon fluoride excimer at 351 nm. Temperature data is derived from elastically scattered data at 351 nm 
and^nelasticallv scattered returns at 382 nm [McGee etal., 1995], The close physical similarity between the 

STROZ-LITE and AROTEL iidars and the utilization of a similar temperature algorithm b Y 

more extensive data base could help identity the origin of these 

biases The data ^sets chosen included a winter campaign at the Arctic NDSC site on Spitsbergen Island 
Nv Alesund during 1998 and a summer campaign at a site on Mauna Loa in Hawaii during 19 . P 

questions were whether biases had been observed in the data during these two campaigns and, f so, wti 
lere their maonitude and sign An additional opportunity for an independent correlative study was _provided 
* StS also located on Mauna Loa during the same 1995 campaign [McDerm.d et 

aL ’ 199 The Ny Alesund study consisted of ten dates in January and February of 1998 du^ whMi 
correlative measurements were made. A total of 1373 separate temperature differences were calc ulated. 
Lidar retrievals began at -1 0 km with a reported altitude resolution of from 1 to 3 km depending on a ti ■ 

Meteorolooical Center (NMC) values. Balloon sondes were launched from Hilo, Hawaii and timed to c^ 

IJSaCisWon^Srs. Aswilh the Ny Alesund datr we“ 
tho <^TRn7 I ITE lidar exhibited a slight cold bias relative to the sondes (Figure 7). A tota 

Tom -0 K at 15 km to ~4 K a. 30 km. The reposed amtude 

resolution varied with altitude from 1 to 3 km; measurement uncertainties ranged from -0.1 K at 15 
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n at ™ km for aDDroximately 90 minutes of data. Another temperature and ozone lidar on Mauna Loa 

JPL also provided temperature profiles available for comparison with 

func80n ^"u^^aS'ie 2 ^^ derived from Ildar data have a sma„ but rea, cold bias when 
-1.1 ±0.6 K for temperatures derived from elastically scatter data). 


Model Temperatures 


A correlative study was carried out using AROTEL temperatures and those calculated by three global 

SSSassSS 

physics. S0LVE are obtained , rom , he g E 0S -3 assimilation system for 

_ The U „ . r r n co ;c thp successor to the GEOS-1 system documented in Pfaendtner et al. 

UTC eaC TheUKMO UARS fields are supplemental correlative data for the i UARS Proiad and •r»d£*«l 
in < 5 «/inhank and O'Neil f 1994] The version used here are grids which consist of 1 8 pres , 

To?0 hPa to 0 ^^4 h?a have a horizontal resolution of 3.75 degrees longitude by 2.5 degrees latitude, and are 

produced at 1200 UTC ^ procedures are applied consistently to over 40 yearn of raw 

data. re^t?ng?n E adafose« which ^s usefol for ^h9-fo^ 

clouds. The flights on December 7 1999 and DiSS wero calculated for all three 

PSCs were and were not observed by the co-located LaRC • here Between flj g ht altitude 

respect to the models (Figures 1 1 and 12). Hiffprpnres were -12 3±2 2 K at 32 6 km. When 



7 


derived ^ and model temperatures in the region of f J!°™ ~ 3 ^ 33 

vertical £l^2L atMauna Loa in 1995 and used in the sonde comparison above 

was also compared to UKMO temperature profiles for the specitied dates. Here, unlike Ny l Alesund. the 
ukmo temoeratures displayed much better agreement with the lidar as shown in Figure 14. Data was 

ra^^fron^ 1 k^atthe S lowe^^ndT^^km^at^O^m ancf because mostotthe S'* was directed atthe 

a . mnH i Roth the JPL lidar and STROZ-LITE had, with respect to the UKMO temperatures, a slight cold 
® ... . .. Q T ppk 7 | itf and AROTEL displayed much larger temperature differences against 

“BS' ft SSS SSS the polar Region is not known ho, may be due 
limited n P °S soundings ’available to the modeling community within this altitude range. 


Conclusions 

AROTEL temperatures retrieved during the SOLVE campaign, have been compared with those from 

wm^mSSm 

ETlSSE available tor use by the models in the polar region. 


ssss. _-j=r=rsrss=r^ 
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Figure Captions 

Figure 1 . 

Temperature uncertainties versus altitude for temperatures derived from elastic (Rayleigh) 
and inelastically (Raman) scattered data for flight date 991207. Open circles are inelastic 
temperature errors, solid squares are for elastically derived temperature errors. 

Figure 2. 

Ralloon sonde versus AROTEL inelastic temperatures acquired on flight date 991207 over 
Ny Alesund. The sonde’s maximum altitude was almost 27 km. The minimum temperatu 
was -190 K at 25 km in good agreement with AROTEL at 189 K. 

Figure 3. 

AROTEL (elastic) temperatures minus all sonde temperature retrievals th ato ccurredwithin 
*00km and 12 hours of a DC-8 flight track. The mean difference between AROTEL and 
the sondes was -1.1± 0.6 K between 12 and 28 km altitude. 

Figure 4. 

AROTEL (inelastic) temperatures minus all sonde temperature retrievals acquired within 
too km and 12 hours of a DC-8 flight track. The mean difference between lidar and sonde 
was -1.2 ± 1.1 K between 12 and 26 km altitude. 

Figure 5. 

AROTEL (inelastic) - MMS temperature differences for flight date 000120 
were for MMS retrievals made within 30 km and 10 minutes of the DC 8 g 
mean difference was -2.5 ± 0.9 K. 

Figure 6. 

STROZ-LITE minus balloon sonde temperatures for Ny Alesund deployment in 1 998. The 
mean difference was -1 .4 ± 1 .9 K between 15 and 30 km. 

Figure 7. 

STROZ-LITE minus balloon sonde temperatures for Mauna Loa campaign in 1995. The 
difference was -0.2 ± 1 .3 K. 

Figure 8. 

jPL - sonde temperatures for Mauna Loa campaign in 1995. The computed mean 
difference was 0.0 ± 1 .7 K. 

Figure 9. 

-0.7±1 .9 K. 

Figure 10. 

Temoerature difference plot of AROTEL minus UKMO for December 12, 1999. AROTEL 
temperatures were derived using inelastically scattered data. The mean difference wa 

-1.0H.3 K. 

Figure 1 1 . 

SSSSSSS^SsSSS 

km results in a mean difference between AROTEL and UKMO of -0.6H .3 K. 

Figure 12. 

Temperature difference pic. of AROTEL minus UKMO 1* Xren« ^ 

-I’stT^^^e^ean^ifferenceat^^e Km(wa?-^ r ^2^K. (^cutebng^hiTtern^rature 

difference without including the large perturbation at 32. 6 km gives a value of -1.2H . 

Figure 13. 

STROZ LITE minus UKMO model temperatures at Ny Alesund during the 1998 NDSC 
S^n liSnces between STROZ-LITE and UMKOwere calculated between lOand 
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Figure 14. 


Figure 15. 


~40 km altitude. The mean difference between STROZ-LITE a " d U J^ km which 

altitudes from 10 to 40 km. There was a slight cold bias of ~1 K from 10 to 22 km which 
increased to over 9 K at 32.6 km. Reported temperature errors for these datasets range 
from 0.1 at 10 km to 0.3 K at 38 km with an effective vertical resolution of between 1 a 

3 km. 

o T ro 7 LITE minus UKMO model temperatures during the Mauna Loa NDSC correlative 

mea^ementtTcampaign in 1995. Data was acquired and^tTkm 0 aVsT 3 kntoe 

September 1 st 1995. A slight cold bias was noted between 30 and 40 km at 31 .3 km t 

mean difference between lidar and UKMO was -2.0 ± 2.5 Kand at 36. 1 km it was -2.8 : 2.2 
K. Differences were calculated from 14.2 km to 55.2 ton i with i a i mean ^/^ * *£* 

2 7 K. Calculated uncertainties ranged from ~0.1 K to ~0.6 K at 55 kni The lid 
resolution ranged from 1 km at the lower end to - 3 km at 30 km and back to 2 km at 55 

JPL - UKMO model temperatures during the Mauna Loa NDSC ^P a '| n 4 '^ 9 ^ t j£e 
data had a sliqht cold bias of -0.5 ± 3.0 K averaged between 14.3 and 55.4 km altitude, ne 
was noted at 36.0 to at -5.0 1 1.8 K. Typical erronr for die JPL measurements 
ranged from 0.2 to 1 .0 K with a reported vertical resolution of from -1.0 to 7 km. 



Altitude (km) 



Figure 1 Temperature uncertainties versus altitude for temperatures derived from elastic 

(Rayleigh) and inelastically (Raman) scattered data for flight 991207. Open circles 
are inelastic temperature errors, solid squares are for elastically derived 
temperature errors. 




Figure 2 


7 December, 1999 



Temperature (K) 


Balloon sonde versus AROTEL inelastic temperatures acquired on flight date 
991207 over Ny Alesund. The sonde’s maximum altitude was almost 27 km. 1 he 
minimum temperature was -190 K which was in good agreement with AROTEL 

at -189 K. 




Figure 3 



T(DC8) - T(sonde) [K] 


AROTEL (elastic) temperatures minus all sonde temperature retrievals that 
occurred within 100 km and 12 hours of a DC-8 flight track. The mean difference 
between AROTEL and the sondes was -1.1±0.6 K between 10 and 28 km. 




Figure 4 



AROTEL (inelastic) temperatures minus all sonde temperature retrievals acquired 
within 100 km and 12 hours of a DC-8 flight track. The mean difference between 
AROTEL and sonde was -1.0±1 .1 K between 12 and 26 km. 




Altitude (km) 


Figure 5 
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AROTEL (inelastic) - MMS temperature differences for flight date 000120. 
Coincidences were for MMS retrievals made within 30 km and 10 minutes of the 
DC-8 flight track. The mean difference was -2.5±0.9 K. 




Figure 6 



Temperature difference (K) 


STROZ-LITE minus balloon sonde temperatures for the Ny Alesund deployment 
in 1998. The mean difference was -1.4±1.9 K between 15 and 30 km. 





Figure 7 


STROZ-LITE minus balloon sonde temperatures for the Mauna Loa campaign in 
1995. The mean temperature difference was -1.5±2.0K. At 1 5 km the d ' f f cr ““ 
was +0.5il .3 K; at 20 km, -1 ,5il .0 K; at 25 km, -1 .<*0.7 K; at 30 km, -4. Oil ,4K 

and at 35 km -0.2±1.3 K. 




Figure 8 
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Temperature difference (K) 


JPL - sonde temperatures for Mauna Loa campaign in 1995. The computed mean 
difference was 0.0±1 .7 K. 




Altitude(km) 


Figure 9 



Temperature difference plot of AROTEL minus UKMO for December 7 1999. 
AROTEL temperatures were derived using inelastically scattered data. e mean 

difference was -0.7±1.9K. 





Figure 10 


emperature difference plot of AROTEL minus UKMO for Decemte li 
ROTFL temneratures were derived using inelastically scattered d 


difference was -1.0±1.3 K. 



Figure 11 



Temperature difference plot of AROTEL minus UKMO for December 7 1999. 
AROTEL temperatures were derived using elastically scattered data. The mean 
difference was -2.4±4.4 K. The mean difference at 32.8 Ion was 4 2.6±L4K. 
Removing the value at 32.8 km results in a mean difference between AROTEL and 
UKMO of -0.6±1.3 K. 



Figure 12 



Temperature difference plot of AROTEL minus UKMO for December 12, 1999. 
AROTEL temperatures were derived using elastically scattered data. The mean 
difference was -2.8±4.2 K. The mean difference at 32.6 km was -12.3±2.2 K. 
Calculating the temperature difference without including the large perturbation at 
32. 6 km gives a value of-1.2±1.6 K. 



Figure 13 



STROZ-LITE minus UKMO model temperatures at Ny Alesund during the 1998 
NDSC campaign. Differences between STROZ-LITE and UKMO were calculated 
between 10 and ~40 km altitude. The mean difference was -2. 7±4. 2 K. Therewas 

a slight cold bias of ~1K from 10 to 22 km which increased to over 9 K at 32.6 
km. Reported temperature errors for these data sets range from 0.1 K at 10 km to 
0.3 K at 38 km with an effective vertical resolution of between 1 and 3 km. 





Figure 14 STROZ-LITE minus UKMO model temperatures during the Mauna Loa NDSC 

correlative measurements campaign in 1995. Data was acquired on 16 dates from 
August 15 th through September 1 st . A slight cold bias was noted between 30 and 
40 km, at 3 1 .3 km the mean difference between lidar and UKMO was -2.0 ± 2.5 K 
and at 36.1 km it was -2.8 ± 2.2 K. Differences were calculated from 14.2 to 55.2 
km with a mean difference of -0.9 ± 2.7 K. Calculated uncertainties ranged from 
~0.1 K to ~0.6 K at 55 km. The lidar’s resolution ranged from 1 km at 14 km to 
~3 km at 30 km and -2 km at 55 km. 
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Validation of Temperature Measurements from the Airborne 
Raman Ozone Temperature and Aerosol Lidar During SOLVE 

During the winter of 1999/2000, the SAGE III Ozone Loss and Validation Experiment 
(SOLVE) mission took place in Kiruna, Sweden. This campaign was designed to further 
our understanding of how ozone is destroyed in the Arctic atmosphere at altitudes of from 
45,000' to 75,000' during the winter. NASA’s Goddard Space Flight Center flew a new 
instrument, the Airborne Raman Ozone, Temperature and Aerosol Lidar (AROTEL), on 
NASA’s DC-8. This instrument consisted of two lasers, a telescope and electronics 
designed to measure aerosols/clouds, ozone and temperature to beyond 1 00,000' altitude. 
Temperatures below -117 °F were repeatedly measured. AROTEL temperatures were 
compared against those made at the flight altitude of NASA's ER-2, approximately 60,000', 
when both instruments sampled the same parcel of air. AROTEL temperatures were from 
3-5 °F colder than those measured on the ER-2. When compared against temperatures 
measured by a temperature sonde attached to a high flying balloon, temperature 
differences were approximately 2 °F. These measurements were uncertain to 
approximately 2 °F. Comparisons between AROTEL temperatures and those made by the 
HALOE instrument on the UARS satellite, showed agreement to within 9 °F which is similar 
to previous temperature measurements made by HALOE when compared to other lidars. 



